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Abstract 
Ultrastructural cytochemical techniques were used for the localization of phosphatases in 
spermatid and spermatozoon of the mosquito, Culex quinquefasciatus (Diptera : Culicidae). 
Acid phosphatase was found mainly in the trans-most portion of the Golgi complex. Thiamine 
pyrophosphotase was preferentially located in the cis-most portion of the Golgi complex. 
Glucose-6-phosphatase was located in the endoplasmic reticulum and cisternae of the 
transition zone between the endoplasmic reticulum and the Golgi complex. The complex 
membrane of the anterior acrosomal region and the axoneme showed acid phosphatase 
activity. Reaction products indicating the presence of acid phosphatase, thiamine 
pyrophosphatase, and glucose-6-phosphatase, were observed on the spermatozoon surface at 
the head and tail regions. These observations support the idea that various phosphatases may 
play some role in spermatid differentiation. 
 





The SPERMATOZOON is a highly specialized cell, which results from a complex process 
of cell differentiation, during which morphological, biochemical, and physiological changes 
take place (for reviews, see Phillips, 1970; Baccetti, 1972; Fawcett, 1975; Baccetti and Afzelius, 
1976). The typical insect spermatozoon is an extremely thin and elongated cell showing a 
nucleus with highly condensed chromatin, an acrosome rich in hydrolases, and a tail which 
contains mitochondrial derivatives and axoneme. During spermiogenesis, parts of the nuclear 
and cytoplasmic contents, including some organelles, are eliminated, and changes occur in the 
plasma membrane. This phenomenon involves the participation of several enzymes, including 
the phosphatases. The hydrolases, and particularly acid phosphatase, play a role in the process 
of spermatid maturation. Previous studies have localized this enzyme in the proacrosomal 
vesicles (Anderson, 1968; Souza et al., 1988; Thorne-Tjomsland et al., 1988; Bao et al., 1989) 
and the axoneme (Anderson et al., 1968; Bigliardi et al., 1970; Baccetti et al., 1971; Beaulaton 
and Perrin-Waldemar, 1973, Bao and Dolder, 1990; Bao, 1991). ATPases have been found as 
integral components of the membrane in the head region of the sperm (Gordon, 1973), and in 
the axoneme (Anderson and Personne, 1970; Baccetti et al., 1973a, b; Yasuzumi et al., 1973; 
Cibert, 1985; Curtis et al., 1989). Thiamine pyrophosphatase activity has been detected in the 
plasma membranes of insect (Baccetti, 1977) and mollusc (Anderson et al., 1968) sperm cells. 
In addition, glucose-6-phosphatase activity has been shown in the endoplasmic reticulum and 
Golgi complex of rat spermatocyes and spermatids (Thorne-Tjomsland et al., 1991), and in the 
axonemal and mitochondrial compartments of spermatozoa of some invertebrate and 
vertebrate species (Anderson and Personne, 1970; Bigliardi et al., 1970). The aim of the 
present study is to analyse the localizations of acid phosphatase, thiamine pyrophosphatase, 
and glucose-6-phosphatase during spermiogenesis in Culex quinquefasciatus. This study 
allowed us to obtain new information on the involvement of its enzyme in the structural and 
physiological transformations of the spermatids, with the appearance of particular structures, 
such as the acrosome and the axoneme, as well as plasma membrane remodelling.] 
 
MATERIALS AND METHODS 
 
The insects were obtained from a colony maintained in the Department of Entomology 
of the Instituto Oswaldo Cruz, Rio de Janeiro, RJ, Brasil. The testes and seminal vesicles were 
dissected and briefly fixed for 15 min at 4°C in 1% glutaraldehyde buffered with 0.1 M 
cacodylate buffer, pH 7.2. After fixation, the specimens were washed with buffer and used for 
the cytochemical experiments. 
 
Enzyme cytochemistrv  
 
Acid phosphatase activity. The fixed-washed testes and seminal vesicles were 
incubated for 1 hr at 37°C in the following medium: 0.1 M Tris-maleate buffer, pH 5.0, 10 mM 
sodium B-glycerophosphate, 2 mM cerium chloride and 5% sucrose (Robinson and Karnovsky, 
1983). In some cases, the specimens were incubated for 45 min at 37°C in a medium 
containing 7 mM cytidine-5-monophosphate, 2 mM cerium chloride and 5% sucrose in 0.1 M 
Tris-maleate buffer, pH 5.0 (Pino et al., 1981). For controls either (a) the substrate was omitted 
or (b) 10 mM sodium fluoride was added to the complete incubation medium.  
Thiamine pyrophosphatase activity. The fixed-washed testes and seminal vesicles were 
incubated for 1 hr at 37°C in medium containing: 2.2 mM thiamine pyrophosphate, 5 mM 
manganese chloride, 4 mM cerium chloride, 5% sucrose and 0.1 M Tris-maleate buffer, pH 7.2 
(Angermuller and Fahimi, 1984). The controls were incubated in the same medium from which 
the substrate was omitted.  
Glucose-6-phosphatase activity. The fixed-washed testes and seminal vesicles were 
incubated for 1 hr at 37°C in a medium containing: 5 mM glucose-6-phosphate, 5 mM 
manganese chloride, 4 mM cerium chloride, 5% sucrose and 0.1 M Tris-maleate buffer, pH 6.5 
(Robinson and Karnovsky, 1983). The controls were incubated in the same medium from which 
the substrate was omitted. After incubation of the testes and seminal vesicles in one of the 
media as described above, the specimens were washed with cacodylate buffer and fixed again 
for 3 hr at 4°C in a solution containing 4% paraformaldehyde, 2% glutaraldehyde in 0.1 M 
cacodylate buffer, pH 7.2. Then, the specimens were washed in clean buffer, and postfixed in a 
solution containing 1% osmium tetroxide, 0.8% potassium ferricyanide and 5 mM calcium 
chloride in 0.1 M cacodylate buffer. Subsequently, they were dehydrated in acetone and 
embedded in Epon. Thin sections were stained with uranyl acetate and lead citrate, and 




The general structure of the spermatids in C. quinquefasciatus by transmission 
electron microscopy has been described in detail previously (Bao and de Souza, 1993). The 
spermatids undergo a series of modifications, resulting in the formation of a highly 
differentiated cell, the spermatozoon, which consists of 2 anatomically and functionally 
distinct regions. An elongated rod-like head, contains the nucleus and the acrosome, and the 
tail, which is formed by an axoneme and 2 mitochondrial derivatives containing a crystalline 
matrix (Bao et al., 1992). The sperm plasma membrane is asymmetric, with its outer surface 
slightly thickened by an overlying coat, a structure which is formed during the spermatid 
differentiation process (Bao and de Souza, 1992, 1993). 
The spermatids showed phosphatase activity in various structures during their 
differentiation. 
 FIGS 1-4. Localization of acid phosphatase in spermatids and spermatozoa. F~Gs 1, 2. Thin sections of 
spermatids incubated in a medium containing cytidine-5-monophosphate. Reaction product is seen 
mainly in cisternae located in trans region of Golgi complex (g). a = acrosome; n = nucleus. Figure 1: x 
54,000; Fig. 2: x 74,700. FIGS 3, 4. Thin sections of spermatozoa incubated in a medium containing 
cytidine-5-monophosphate (Fig. 3) or B-glycerophosphate (Fig. 4). Longitudinal sections through 
spermatozoa head. A light labelling is observed in membrane complex (arrowhead) of anterior 
acrosomal region, a = acrosome; c = coat; n = nucleus. Figure 3: x 45,000; Fig. 4: x 54,000. FIGS 5-9. 
Localization of acid phosphatase in spermatids and spermatozoon. 
 
 
Acid phosphatase activity  
 
Incubation of the early spermatids in a medium containing either B-glycerophosphate 
or cytidine-5-monophosphate as substrate, and cerium as capture agent, led to the 
appearance of an electron-dense reaction product, indicating the presence of acid 
phosphatase activity. The reaction product was seen in association with several cisternae of 
the Golgi complex, but mainly with those in the trans-most region (Figs 1, 2). However, no 
reaction product was observed in the acrosome, although it has been shown that the Golgi 
complex participates actively in the formation of the acrosome (Fig. 2). Occasionally, a light 
labelling was observed in the membrane complex of the anterior acrosomal region (Figs 3, 4). 
The Golgi complex also seems to be involved in the changes that occur in the flagellum (Fig. 5). 
Intense deposition of reaction product was localized specifically in the spermatozoon 
axoneme, particularly in the electron-dense fibres or radial spokes that extend from the 
central rod towards the 9 microtubule doublets, as well as in the electron-dense fibres 
connecting the accessory microtubules (Figs 6, 7). The intensity of reaction varied from one 
axoneme to another and also among the dense fibres of a single axoneme (Fig. 6). A diffuse 
weak reaction was observed in the paracrystalline matrix of some mitochondrial derivatives 
(Fig. 8).  
Reaction product was uniformly distributed over the entire spermatozoon surface. In 
some cells, however, labelling was not very intense (Figs 6, 7). Omission of the substrate or 
addition of sodium fluoride to the incubation medium abolished the appearance of the 
reaction product (Fig. 9).  
 
Thiamine pyrophosphatase activity.  
 
After incubating the spermatids in a medium, containing thiamine pyrophosphate as 
substrate, and cerium as capture agent, we found deposits of reaction product in several 
cisternae of the Golgi complex (Figs 10, 11). Deposition was more evident at the cis region (Fig. 
11). Generally, the reacting cisternae displayed heavy, uniformly distributed deposition. 
Reaction product, indicative of thiamine pyrophosphatase, was seen in the layer of 
amorphous material that surrounded the paracrystalline structure of the mitochondrial 
derivatives of spermatids (Fig. 12).  
Intense reaction for thiamine pyrophosphatase was also observed in the 
spermatozoon surface coat, both in the head and tail regions (Figs 13, 14).  
 
Glucose-6-phosphatase activity  
 
Following incubation of the spermatids in a medium containing glucose-6-phosphate 
as substrate and cerium chloride as capture agent, reaction product was seen in association 
with the endoplasmic reticulum (Fig. 15). In some cells, the reaction product was observed in 
cisternae located in the transition zone between the endoplasmic reticulum and the Golgi 
complex (Fig. 16). In several spermatids the cisternae that surround the axoneme were also 
stained (Fig. 17). Electron-dense reaction production was observed in the spermatozoon 
surface coat (not shown).  
In all cases, omission of the substrates from the incubation medium abolished the 
appearance of reaction product (not shown). 
 
FIG. 5, Thin section of B-glycerophosphate incubated spermatid. Flagellar region showing reaction 
product in cisternae of Golgi complex (g). × 52,200. FxG. 6, Thin section of cytidine-5-monophosphate-
incubated spermatozoa. Cross-section of flagella showing reaction product in radial spokes (arrow) 
between central rod and 9 microtubule doublets, and in electron-dense fibres (arrowhead) between 
accessory microtubules of axoneme (ax). Coat (open arrow) is also acid phosphatase reactive. × 90,000. 
FIG. 7. Longitudinal section of flagellum of 13-glycerophosphate-incubated spermatozoon. Reaction 
product is seen in radial spokes (arrow) near the central rod and electron-dense fibres (arrowhead) near 
accessory microtubules. Cell surface (open arrow) is also acid phosphatase reactive, x 50,400. FIG. 8. 
Thin sections of cytidine-5-monophosphate-incubated spermatozoa. Cross-section of flagellar showing 
reaction product in mitochondrial derivatives (md). c = coat. × 90,000. Inset shows acid phosphatase 
activity in paracrystalline matrix. × 81,000. FIG. 9. Spermatozoon treated with an acid phosphatase 
medium to which 10 mM sodium fluoride was added. Axoneme (ax), mitochondrial derivative (md), and 
coat (c) were non-reactive for acid phosphatase, x 90,000. 
 
FIGs 10--14. Localization of thiamine pyrophosphatase in spermatids and spermatozoa. FiGs 10, 11. 
Reaction product is associated with several cisternae of Golgi complex (g), especially those located in cis 
region (star in Fig. 12). ax = axonema; ca = centriole adjunct; n = nucleus. Figure 10: × 54,000; Fig. 11: × 
49,500. FIG. 12. Cross-section through flagellum showing reaction product in layer of 
amorphous material (arrowhead) of mitochondrial derivatives, ax = axoneme, x 68,400. FIG. 
13. Longitudinal section through head region of a spermatid in final stage of differentiation. 
Coat (c) in this region shows reaction for thiamine pyrophosphatase, a = acrosome; n = 
nucleus. x 58,500. FIG. 14. Reaction product is present in coat (c) of spermatozoa surface, ax = 







Our observations show that in early spermatids, acid phosphatase can be detected 
cytochemically mainly in the trans-most portion of the Golgi complex. The detection of enzyme 
reaction product in the spermatid Golgi complex suggests that this membrane system is 
involved in the segregation of hydrolases required for the controlled hydrolysis of some cell 
components or for the utilization of this enzyme in other metabolic processes (Anderson et al., 
1968).  
Our observations on thiamine pyrophosphatase show that although reaction product 
can be detected in both the cis and trans sacculae of the Golgi complex, it preferentially occurs 
in association with the cis-most portion. However, early spermatids of the rat have shown that 
reaction product, indicative of thiamine pyrophosphatase, occurs in the trans-sacculae (Hermo 
et al., 1980; Clermont et al., 1981), as seen in most other cells (Rambourg et al., 1987; 
Rambourg and Clermont, 1990), although it can occasionally be observed in the trans-Golgi 
network (Griffiths et al., 1989).  
During the early phases of insect spermiogenesis, the Golgi complex contributes 
materials to the developing hydrolase-rich acrosomic system (Phillips, 1970; Baccetti, 1972; 
Bao et al., 1989; Ndiaye and Mattei, 1992). In this paper we have shown the presence of acid 
phosphatase activity in the anterior acrosomal region of the spermatozoon. But it is restricted 
to a membrane complex involved in the appearance of a distinct compartment in the 
acrosome of the spermatozoon. Previous studies have shown that acid phosphatase is not 
present in the acrosome (Anderson, 1968; Souza and Azevedo, 1986; Bao et al., 1989). 
According to these authors, this enzyme is stored in an inactive state and becomes active only 
at fertilization, when it participates in the dissolution of the oocyte coat, allowing the 
penetration of the spermatozoon. Acid phosphatase activity was found in ionophore-treated 
spermatozoa suspensions, suggesting that acid phosphatase originates from the spermatozoon 
acrosome, during the acrosomal reaction process (Souza et al., 1988).  
In spermatids, most of the endoplasmic reticulum cisternae displayed glucose-6- 
phosphatase activity. One of the features observed in the present study was the presence of 
the glucose-6-phosphatase reactivity in cisternae located in the transition zone between the 
endoplasmic reticulum and the Golgi complex. The present observations confirm a close 
topographical association of endoplasmic reticulum cisternae with the cisface of the Golgi 
complex in germinal cells (Sandoz, 1970; Hermo et al., 1980; ThorneTjomsland et al., 1991) and 
other cell types (Farquhar, 1985; Queiroz et al., 1991). 
 F16s 15-17. Localization of glucose'-6-phosphatase in the spermatids. FIG. 15. Section through flagellar 
region. Reaction product can be seen in association with profiles of endoplasmic reticulum (arrowhead). 
ax = axoneme; md = mitochondrial derivative, x 24,300. FIG. 16. A spotty reaction is observed in 
cisternae (arrowhead) located in transition zone between endoplasmic reticulum (er) and Golgi complex 
(g). × 30,600. FIG. 17. Reaction product can be seen in cisternae (arrowhead) that surround axoneme 
(ax). x 47,700. Inset shows a spotty reaction in cisternae that surround axoneme in a cross-section. × 
81,000. 
 
The regions of the axoneme where acid phosphatase activity was detected coincide 
with known descriptions for the spermatozoa of a few insects (Anderson et al., 1968; Bigliardi 
et al., 1970; Baccetti, 1972; Baccetti et al., 1971, 1973b; Beaulaton and PerrinWaldemer, 1973; 
Bao and Dolder, 1990; Bao, 1991). This enzymatic activity begins only after the axoneme has 
acquired all of its microtubules and interconnecting fibres, and is fully equipped for 
movement. Acid phosphatase is apparently involved in the metabolism of phosphates, 
important for the flagellar motility. It is interesting to note that a heterogeneity in intensity of 
reaction was observed. Our suggestion concerning this difference is due to the fact that the 
axoneme may show different functional activity, and consequently changes occur in the 
metabolism of phosphates. This heterogeneity of reaction to the acid phosphatase activity was 
previously observed in axoneme of Ceratitis capitata sperm (Bao and Dolder, 1990).  
Our observations show the presence of acid phosphatase activity in the mitochondrial 
derivatives, suggesting that hydrolases may function in the metabolism of this organelle. 
However, in spermatids, in the amorphous material that surrounds the paracrystalline 
structure, a thiamine pyrophosphatase activity was also observed, suggesting that this enzyme 
participates in the differentiation of the mitochondrial derivatives. These heterogeneities in 
reactions to the hydrolases may be due to the different enzymatic activity in the metabolism 
of the mitochondrial derivative. There are no previous reports on the presence of thiamine 
pyrophosphatase in the mitochondrial derivative. The existence of such intramitochondrial 
phosphatase activity has been described previously in sea urchin and sea star spermatozoa 
(Anderson, 1968; Souza and Azevedo, 1986).  
Ultrastructural studies have shown that the plasma membrane remodelling occurs 
during differentiation of spermatid in C. quinquefasciatus with the appearance of a thick 
surface coat in its outer surface (Bao and de Souza, 1992, 1993). This remodelling during 
spermatid differentiation in insects is characterized by the development of an almost complete 
new membrane and involves the participation of the Golgi complex (Baccetti, 1975, 1977). 
Acid phosphatase, thiamine pyrophosphatase, and glucose-6-phosphatase seem to be enzyme 
markers of the spermatozoon cell surface in this mosquito. The endoplasmic reticulum and 
Golgi complex seem to be involved in the formation of the surface coat. These enzymes may 
also be involved in the chemical changes underlying contact and fragmentation of the 
membranes during the fertilization process. 
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